Palladium-catalyzed cross-coupling reactions of neopentyloxysulfonylphenyl bromides with arylboronic acids provided a variety of neopentyl biphenylsulfonates in good yields. 2-Bromo-and 4-bromobenzenesulfonates underwent the coupling reaction more rapidly than 3-bromobenzenesulfonate, while chlorobenzenesulfonate did not produce the coupling product under the standard reaction conditions.
Introduction
Transition metal-catalyzed coupling reaction is one of the most important synthetic tools for constructing carboncarbon bonds.
1 In particular, nickel-and palladium-catalyzed coupling reactions of organic halides and pseudohalides with organoboronic acids, 2 organostannanes, 3 organozincs, 4 and Grignard reagents 5 have emerged as extremely powerful methods during the last several decades. Among those processes, the Suzuki-Miyaura reaction of aryl and vinyl halides/triflates with organoboronic acids is preferred in many situations. This popularity can be attributed to the stability and low toxicity of boronic acids as well as the mild reaction conditions.
The preparation of asymmetric biaryls, which are of great interest due to their biological 6 and optical 7 properties, has been the object of transition metal-catalyzed coupling processes. Since the preparation of biaryls via the palladiumcatalyzed reaction of arylboronic acids with aryl halides was first reported, 8 this reaction has been used successfully for a variety of aryl halides and triflates. Recently, it has become widely applied in solid-phase organic synthesis (SPOS) for the rapid and convenient preparation of asymmetric biaryl libraries. 9 However, the coupling reaction of aryl electrophiles containing sulfur-substituents, such as thio, sulfinyl, and sulfonyl groups, with organoboronic acids has not been explored except for the reactions of p-BrC6H4SO3Na 10 and bromobenzenesulfonamide. 11 As part of an ongoing study directed toward the development of cross-coupling reactions between alkyloxysulfonylarenes and aryl nucleophiles, 12 a variety of neopentyl biphenylsulfonates were required. They could be produced by the palladiumcatalyzed coupling reactions of alkyl bromobenzenesulfonates with aryl boronic acids in good yields. To the best of our knowledge, this is the first general case of a cross-coupling reaction of sulfur-substituted aryl electrophiles with organoboronic acids. This paper reports our efforts in preparing neopentyl biphenylsulfonates via the Suzuki-Miyaura reaction.
Results and Discussion
The alkyl halobenzenesulfonates 1 were prepared using a previously reported procedure (Scheme 1). 12 Two types of neopentyl moieties, 2,2-dimethyl-3-phenyl-1-propyl and 2,2-dimethyl-1-propyl, were selected as the alkyl groups for these intermediates. All the sulfonates 1 were produced in good yields (Table 1) . Products 1a, 1b, and 1d were purified by recrystallization from n-hexane to give white solids, while 1c was isolated by column chromatography (Et 2 O : nhexane = 1 : 4) to afford a clear oil.
The palladium-catalyzed cross-coupling reaction of 1 with arylboronic acids proceeded smoothly in the presence of * To whom correspondence should be addressed. e-mail: kypark @cau.ac.kr Reactions of the alcohols (51.7 mmol) with sulfonyl chlorides (47.0 mmol) were carried out in chloroform (50 mL) in the presence of pyridine (103.0 mmol).
Isolated yields based on sulfonyl chlorides. sodium carbonate (Scheme 2). Although a detailed study to optimize the reaction conditions was not undertaken, most of the reactions were complete within 6 h at the refluxing temperature of toluene. The displacement of arenesulfonates 13 or alkyloxysulfonyl groups 12 was not observed under the standard reaction conditions. The result of the cross-coupling reactions between 1 and the various arylboronic acids is summarized in Table 2 . 4-Bromobenzenesulfonate 1a reacted rapidly with phenyl-, 4-tert-butylphenyl-, 4-vinylphenyl-, and biphenylboronic acids in the presence of Pd(PPh 3 ) 4 catalyst to give the corresponding biphenyl-and terphenylsulfonates 2 in good yields (entries 1-4). While formylphenylboronic acid, which has an electronwithdrawing substituent, showed a slightly lower reactivity than the above nucleophiles (entry 5), 3-formyl-4-methoxyphenylboronic acid underwent the coupling reaction rapidly (entry 6).
The reaction of 3-bromobenzenesulfonate 1b with 4-formylphenylboronic acid also produced the desired coupling product in good yield, although it required more time (15 h) for a complete reaction (entry 7). 2-Bromobenzenesulfonate 1c underwent the coupling process with formyl-phenylboronic acid in a similar way as with 1a (entry 8). There was no evidence showing that the neighboring neopentyloxysulfonyl group provided a significant steric hindrance for the coupling reaction.
Chlorobenzenesulfonate 1d was quite inert under our standard reaction conditions. Even though it is well known that chlorobenzene derivatives are generally not reactive toward the oxidative addition of a palladium catalyst, some electron-deficient aryl chlorides have been reported to undergo the palladium-catalyzed coupling reaction with organoboronic acids successfully.
14 However, reactions of 1d with 4-methylphenyl-and 4-tert-butylphenylboronic acids did not give any noticeable amounts of the desired coupling products in this effort (entries 9 and 10).
Conclusion
In conclusion, the palladium-catalyzed cross-coupling reaction of neopentyloxysulfonylphenyl bromides with arylboronic acids in the presence of base was described. A variety of neopentyl biphenylsulfonates were prepared in good yields. To our knowledge, this is the first general exploration of the Suzuki-Miyaura reaction of sulfursubstituted aryl electrophiles. Investigations into applying this coupling strategy for preparing asymmetric terphenyl and stilbene derivatives are currently underway and will be reported in due course. Reactions of 1 (5.22 mmol) with arylboronic acids (5.74 mmol) in the presence of Pd(PPh3)4 (0.157 mmol) and aqueous sodium carbonate (2.0 M, 6.0 mL) were carried out at the refluxing temperature of toluene (12.0 mL) under an Ar atmosphere.
Experimental Section
Isolated yields based on 1.
Scheme 2
analysis was performed on a bonded 5% phenylpolysiloxane BPX 5 capillary column (SGE, 30 m, 0.32 mm i.d.). Electron impact (EI, 70 eV) was used as the ionization method for the mass spectrometry. Melting points were obtained using a Barnstead/Thermolyne MEL-TEMP apparatus and are uncorrected. Toluene was distilled from calcium hydride. 4-Tolyl-, 4-tert-butylphenyl-, 4-vinylphenyl-, and biphenylboronic acid were prepared according to a literature procedure. 15 Phenyl-, 4-formylphenyl-, and 3-formyl-4-methoxyphenylboronic acid were used as obtained commercially.
General Procedure for the Preparation of Neopentyl Halobenzenesulfonates (1). To the solution of alcohol (51.7 mmol) in chloroform (50 mL) at 0 °C were added pyridine (103.0 mmol) dropwise over a period of 20 min and halobenzenesulfonyl chloride (47.0 mmol) in small portions. The reaction mixture was stirred at room temperature for 12 h and diluted with Et 2 O. The solution was washed with a 0.1% aqueous HCl, water, and brine; dried over MgSO 4 ; filtered; and concentrated in vacuo.
2,2-Dimethyl-3-phenyl-1-propyl 4'-bromobenzenesulfonate (1a) was prepared by the reaction of 2,2-dimethyl-3-phenyl-1-propanol (8.48 g, 51.7 mmol) with p-bromobenzenesulfonyl chloride (12.0 g, 47.0 mmol). The crude compound was purified by recrystallization from n-hexane to give 1a (15.66 4 (0.157 mmol) in toluene (12 mL) was added 2.0 M aqueous Na 2 CO 3 (6.0 mL) under an Ar atmosphere. To the resulting mixture was added arylboronic acid (5.74 mmol), which was dissolved in ethanol (3 mL). The reaction mixture was heated at reflux for 6 h with vigorous stirring. To the resulting mixture was added 30% hydrogen peroxide (0.3 mL) to oxidize the residual boronic acid. The mixture was stirred at room temperature for 1 h and diluted with EtOAc. The organic layer was washed with water and brine; dried over MgSO 4 ; filtered through a small pad of silica gel in a sintered glass filter; and concentrated in vacuo.
2,2-Dimethyl-3-phenyl-1-propyl 1',1''-biphenyl-4'-sulfonate (2a) 35.5, 44.4, 77.5, 126.5, 127.3 (×2), 127.6, 127.8 (×2), 127.9 (×2), 128.0 (×2), 128.1 (×2), 128.7 (×2), 129.1 (×2), 130.6 (×2), 134.7, 137.5, 138.0, 140.4, 141.8, 146.4; HRMS (EI, 70 eV) 2,2-Dimethyl-3-phenyl-1-propyl 4''-formyl-1',1''-biphenyl-4'-sulfonate (2e) was prepared by the reaction of 1a (2.00 g, 5.22 mmol) with p-formylphenylboronic acid (0.86 g, 5.74 mmol) in the presence of Pd(PPh 3 ) 4 (0.181 g, 0.157 mmol) and 2 M aq. Na 2 CO 3 (6.0 mL) by using toluene (12.0 mL) as solvent. The crude product was purified by recrystallization from n-hexane : CH 2 Cl 2 (20 : 1) to give 2e (1.37 g, 64%) as a pale yellowish solid: TLC R f 0. 35.9, 44.7, 78.3, 127.3, 129 .0 (×2), 129.2 (×2), 129.5 (×2), 129.8 (×2), 131.3 (×2), 131.5 (×2), 136.9, 137.7, 138.6, 145.5, 146.1, 193.0 2,2-Dimethyl-3-phenyl-1-propyl 3''-formyl-4''-methoxy-1',1''-biphenyl-4'-sulfonate (2f) was prepared by the reaction of 1a (2.00 g, 5.22 mmol) with 3-formyl-4-methoxyphenylboronic acid (1.03 g, 5.74 mmol) in the presence of Pd(PPh 3 ) 4 (0.181 g, 0.157 mmol) and 2 M aq. Na 2 CO 3 (6.0 mL) by using toluene (12.0 35.4, 44.3, 56.1, 77.5, 112.8, 125.3, 126.5, 127.5 (×2) , 128.2 (×2), 128.9 (×2), 130.7 (×2), 131.7, 132.3, 132.4, 134.7, 137.6, 145.2, 162.5, 189.7 8, 79.7, 128.6, 129.2 (×2), 130.0, 130.3 (×2), 132.5, 133.4, 135.2, 136.0, 140.8, 145.4, 192 
